very slow to develop, and the colour continued to increase for a very long time. Likewise in the "glycerol method " the bilirubin reacted slowly; the colours frequently took several hours to reach their maximum, and in several instances never attained a sufficient intensity to represent all the bilirubin known to be present. With the Malloy and Evelyn method (methanol) the colour development also seemed to be retarded somewhat, but not nearly to the same extent as it was with glycerol.
Only with ethanol in adequate concentration does the diazo reaction appear to go to completion in a reasonable time (<30 minutes); but it is necessary to use a higher dilution of the serum and reagents in ethanol (i.e., 1 in 10 instead of the previous 1 in 4 dilution of Haslewood and King, 1937) , and to allow for the bilirubin azo dye distributed through the precipitated protein, in order to obtain colours which represent all the bilirubin present. With highly icteric sera it is necessary also to dilute the sera with a buffer in order to diminish the concentration of bilirubin sufficiently to ensure that all of it will react with the diazo reagent. The method to be described yields colours which are spectrally identical with those produced under similar conditions from pure bilirubin, gives reasonably accurate recovery of added pure bilirubin, and compares favourably in the results procured on a wide range of icteric sera with the Malloy and Evelyn procedure. The colours are equally suitable for Duboscq and photoelectric colorimeters.
Reagents Diazo A.-Sulphanilic acid (1 g.) dissolved in 1 1. of 0.25 N-HCl.
Diazo B.-NaNO2 0.5 g. in 100 ml. water.
Protein Precipitant.-Saturated (NH4)2SO4 solution.
Diluent.-Ethanol 85%. Phosphate Buffer Solution.-Na2HPO4.12H20 3.6 g. in 100 ml. Fig. 1 , and that of a pure bilirubin-azo-dye standard in Fig. 2 . This is the same standard as was used by Haslewood and King (1937) . In that method it represented 1.6 mg. of bilirubin/100 ml. of plasma, with the plasma at a final dilution, after diazotization and treatment with ethanol, etc., of 1 in 4. In the present method, with a final dilution after diazotization of 1 in 10, the standard represents 4 mg. of bilirubin/100 ml.
Standard Bilirubin Solution. 
Procedure
The volumes suggested below provide 10 ml. of test solution (8 ml. after filtration), which is a convenient quantity for the cells of most photoelectric and Duboscq colorimeters. Smaller volumes in the same proportion may be taken, depending on the capacity of the cups of the colorimeter employed; as little as 0.1 ml. of serum has been successfully used. Take 1 ml. of plasma or serum in a test tube. Add 0.5 ml. of diazo reagent (when the type of van den Bergh reaction, e.g., " direct," may be noted).* Add 0.5 ml. of (NH4)2SO4 solution and make up to 10 ml. with diluent (85% ethanol). Mix well and stopper, and leave the solution lying horizontally with an even distribution of the precipitate for 30 minutes. Filter and then measure the extinction (optical density) of the test in a photoelectric colorimeter (or Duboscq colorimeter with a 0.5 D grey screen, Haslewood and King, 1937) 
Results
Recoveries.-The recoveries achieved by this method, when tested on sera to which known amounts of bilirubin had been added, are shown in Table I . The technique by which these figures were obtained was as follows: A solution was prepared to contain 10 mg. of bilirubin in 100 ml. of mixed ethanol and chloroform by evaporating 20 ml. of the bilirubin solution in chloroform on a water bath down to about 5 ml. and then making it up again to 20 ml. with absolute ethanol.
Various volumes of this ethanol-chloroform solution of bilirubin were then incorporated in mixtures of serum and diluent and then diazotized. A second set of mixtures was made up at the same time substituting phosphate buffer for serum. (Wootton, 1946) had suggested that a 3.6% (w/v) solution of Na2HPO4.12H20 would, when added to Ehrlich's diazo reagent, behave as regards its buffering effect in a Comparison of Methods.-To assess the comparative performance of the procedure put forward, a series of parallel estimations has been made on some samples of serum by the present method and that of Malloy and Evelyn (1937) . In order to cover a greater range of bilirubin concentrations than could be obtained from the random use of samples obtained from routine material, a number of synthetic mixtures of bile and serum were also analysed in the same way. The results of these experiments are given in Tables III, IV , V, and VI.
Discussion
The high dilution entailed in the Malloy and Evelyn method is a considerable drawback since, with colorimeter cells of the usual 1 cm. depth, the readings of serum bilirubin levels below 2.5 mg. bilirubin/100 ml. plasma are so small as to be difficult to measure at all accurately, while the deeper cells of most instruments require more than the 10 ml. of fluid that is available from 1 ml. of plasma. With Duboscq colorimeters the difficulty of reading such pale solutions is even greater.
The Rappaport and Eichhorn method gives a considerably greater depth of colour for a given bilirubin concentration. But the colours obtained are often very different from that of the standard, and, apart from the relatively complex nature of the solutions employed, there seems to be some doubt in regard to the efficiency as well as the mode of operation of their "indirect " reagent mixture. The latter contains caffeine, citrate, and urea. Jendrassik and Czike (1928) , in the course of a description of the use of caffeine sodium benzoate for potentiating the "indirect " van den Bergh reaction, state that the active component is the benzoate (which can be replaced in this connexion by salicylate), while caffeine alone, and likewise caffeinecitrate, are inert. More recently Gardikas, Kench, and Wilkinson (1947) have found that, though caffeine does exert an effect, it is a relatively slow one. This last finding would appear to be consistent with the observation of Gray and Whidborne (1946) that the "indirect" reaction, using a modified Rappaport and Eichhorn technique, tended in some instances not to proceed to completion until between six and 24 hours had elapsed. Gray and Whidborne (1947) also noted that the urea present in the Rappaport and Eichhorn buffer had some effect in promoting the diazotization of bilirubin from cases of haemolytic jaundice. These workers ' (1946) results for total bilirubin estimations, by their modified Rappaport and Eichhorn method, agreed well on the whole with parallel estimations by the Malloy and Evelyn method, but the readings on the sera of patients with haemolytic jaundice were made, in the case of the former method, six hours after the preparation of the test solution.
In the method described in the present paper the final mixture contains 68% (v/v) ethanol. From our own experiments with varying strengths of ethanol and from data given by Malloy and Evelyn (1937) , this concentration of ethanol is certainly sufficient to produce the maximum colour. From their context it seems that the figures given by Malloy and Evelyn were derived from experiments using methanol, but they mention elsewhere in the same publication that this was preferred to ethanol only because it gave somewhat clearer solutions, and that the development of colour was the same with ethyl alcohol. However this may be, we have found that when we have compared our method with that of Malloy and Evelyn, using sera from cases which gave an indirect reaction as judged by the classical van den Bergh test, the ethanol technique gave the higher results, the extinctions of the solutions being measured in both methods 30 minutes after their preparation.
The necessity for the further dilution of highly icteric sera, over and above the standard degree recommended for the method, is not peculiar to the present procedure. Malloy and Evelyn recommend diluting their final solution if above a level of about 15 mg. bilirubin/100 ml. of plasma, and Rappaport and Eichhorn also recommend further dilution of highly concentrated test solutions, without, however, specifying any particular ceiling value. Dilution in our method with an appropriate buffering fluid will establish the pH very near to that at which the optical density of the test solution corresponds exactly with that with which the artificial standard is calibrated, so that any error from this source, which would represent larger absolute amounts of bilirubin in the more jaundiced sera, will be minimized. Incidentally, any disturbing effect of the buffering capacity of the serum, which might result from the hypoproteinaemia which may accompany liver damage, will also be lessened.
The present method thus appears to us to possess certain definite advantages. Compared with the Malloy and Evelyn technique it entails less pipetting and also gives a stronger colour enabling more accurate estimations to be made on sera and plasma of relatively low bilirubin content. Moreover, the use of the artificial standard avoids the necessity of preparing a calibration curve with standard solutions of bilirubin, which is unavoidable with the Malloy and Evelyn method unless an Evelyn colorimeter is available. Compared with the Rappaport and Eichhorn procedure, the present method produces colours which are much nearer in quality to those obtained with pure bilirubin; it employs reagents of simpler composition which are therefore easier to make up, and it enables readings to be taken at a much shorter interval after preparing the test solutions than must be allowed with the Rappaport and Eichhorn method in view of the findings of Gray and Whidborne.
The discrepancies shown in Table VI for the values yielded by the present method and that of Malloy and Evelyn are the very reverse of what might be anticipated. We had thought that " indirect bilirubin " might tend to be lost on the protein precipitate, and that methods which do not precipitate the proteins might be counted on to yield stronger colours. The fact that, on the contrary, they gave weaker colours seems to indicate either that not all the " indirect bilirubin " reacts in methanol, or that it reacts more slowly than it does in ethanol. Certainly the "indirect bilirubin " of jaundiced infants reacted very much more slowly in the glycerol mixture. The chemical and physical nature of the bilirubin, or bilirubins, of the plasma obviously needs further investigation; but it may well be that these differences are entirely a matter of the degree of solubility of the bilirubin in different physical states. In this connexion the work of Malloy and Lowenstein (1940) is very suggestive.
The somewhat lower values given by our method for " direct bilirubin " in the obstructive jaundice cases are perhaps even more interesting (Table IV) , 1921) , which may increase the colour given by bilirubin, or may modify its quality as, indeed, often appears to be the case with the Malloy and Evelyn method where red colours with a slight bluish tint are not infrequently obtained. We hope to look for evidence on these matters by careful spectrophotometric measurements of the yellow sera from the several types of jaundice in which we have found these differences, and of the red colours they yield with the diazo reagents. The artificial standard solution of methyl red in acetate buffer has seemed in our hands to be both the most convenient and the most reliable standard for bilirubin determinations that has been proposed. Methyl red can be obtained from almost any manufacturer of fine chemicals in a high state of purity, and it is not necessary to re-establish the relation of its colour to that of a standard prepared from pure bilirubin. All the methyl reds we have tested haye yielded the same colour and have not differed from our best bilirubin standard prepared from a specimen given us by the late Professor Hans Fischer. On the other hand, the samples of so-called "pure" bilirubin which we have purchased from commercial sources have all appeared impure by reference to the Fischer bilirubin and to the methyl red standard. The bilirubins commonly used for calibrating photoelectric instruments have in our hands all appeared to be 4 to 7% impure, and results for serum bilirubin obtained by reference to such calibrations cannot be as accurate as those from comparison with the methyl red standard. For those who prefer to use a calibrated instrument with a standard graph or chart the methyl red standard furnishes an easy means for periodic checking of the standardization.
Sumlmary
The Haslewood and King bilirubin method has been modified to yield results which are believed to represent the true bilirubin content of blood sera with a reasonable degree of accuracy. Diazotization, coupling of the bilirubin, and precipitation of the proteins with ammonium sulphate and ethanol are performed as in the previous method; but the reaction is carried out at a higher dilution (1 in 10 instead of 1 in 4) and the azobilirubin contained in the precipitate of proteins is included in the calculation. High bilirubin sera are diluted with buffer before diazotization in order that the final colour produced in the method may be nearly equal to that of the standard.
The coloured test solutions obtained appear to be identical with those produced from pure bilirubin. The " impure " colours frequently obtained in non-precipitation procedures are not encountered with this method.
Bilirubin added to blood sera was recovered in the method with the usual error of about 5% common to most colorimetric analyses.
Results with " indirect " sera were, on the average, somewhat higher than those obtained in parallel estimations by the Malloy and Evelyn method.
With " direct " sera from cases of obstructive jaundice somewhat lower results were obtained.
With miscellaneous sera from cases of a wide variety of clinical conditions the overall agreement was good.
Our thanks are due to Miss L. A. Ross and Mrs. M. Levine for their valuable assistance in carrying out these experiments.
